Human infections with Paracoccidioides brasiliensis are observed in tropical and subtropical regions of Latin America, from Mexico to Argentina. Cases are seen mainly in Brazil, Venezuela, Colombia, and Guatemala and present a variety of clinical forms such as mucocutaneous, lymphonodular, or visceral. Paracoccidioidomycosis is usually diagnosed through microscopic identification of the fungus in clinical material such as sputum, lesion scrapings or exudates, biopsy specimens, etc. Since in many cases such demonstration of the fungus is difficult, diagnosis must be based on serological tests, which are also valuable in evaluating therapeutic results and controlling the cure of the disease. Although complement fixation (CF) tests are most commonly used for routine purposes, other tests have been described such as immunofluorescence (9) , precipitation in tubes (3), agar-gel immunodiffusion (8) , counter-immunoelectrophoresis (A. M. de Siqueira, Thesis, Instituto de Ciencias Biomedicas da Universidade de Sao Paulo, Sao Paulo, Brazil, 1982) , and agglutination (11) . In CF tests, either a polysaccharide fraction (3) (10) . The only immunoenzymatic assay described for paracoccidioidomycosis is performed with P. brasiliensis yeast cells fixed on microscopic slides, with cross-reactions observed for histoplasmosis and candidiasis (6) .
Here we describe a very sensitive and specific absorption enzyme-linked immunosorbent assay (ABS-ELISA) for paracoccidioidomycosis, which was developed by using P. brasiliensis culture filtrate sera previously absorbed with Histoplasma capsulatum antigens. * Corresponding author.
MATERIALS AND METHODS
Serum samples. Samples from 119 patients with wellestablished clinical and laboratory diagnoses of mycotic diseases were obtained from the collection of the Mycology Laboratory, Instituto de Medicina Tropical de Sao Paulo (IMTSP). These samples had been stored at -20°C for various periods up to several months. There were 69 sera from cases of paracoccidioidomycosis, 20 of histoplasmosis, nine of aspergillosis, nine of lobomycosis, five of candidiasis, four of cryptococcosis, and three of sporotrichosis. Serum samples from 34 patients with other diseases, from the Serum Bank, Immunology and Seroepidemiology Laboratory, IMTSP, were also included. These had been stored for different periods, and were fluid at -20°C since they were preserved with analytical grade, recently distilled glycerin. Eight sera were from cases of mucocutaneous leishmaniasis, four of chronic Chagas' disease, five of malaria, seven of recent syphilis, seven of acute toxoplasmosis, and three of active tuberculosis. Serum samples from 122 clinically normal individuals were obtained from blood donors (Hospital das Clinicas, Universidade de Sao Paulo) and from individuals who submitted to clinical and laboratory examinations.
Antigens from P. brasiliensis. Three strains of P. brasiliensis from the IMTSP collection (strains 113, 150, and 666) were used for preparing the antigens.
The polysaccharide antigen was produced by the method of Fava Netto (3) . Culture filtrates were prepared by growing the fungus in the yeast phase in different media, which had been previously obtained from proteose-peptone agar medium cultures kept at 35°C for 8 to 10 days. The yeasts were then grown in stationary phase for 3 months at 35°C, in 200-ml volumes of the following media: proteose-peptone broth (3), Trypticase soy broth (BBL Microbiology Systems, Cockeysville, Md.) (8), Sabouraud-dextrose broth (14) , and Shadomy medium modified by the method of Casals (2), which we modified by substituting casein hydrolysate for asparagine and adding 10 ,ug of thiamine per ml. After adding Thimerosal (Eli Lilly & Co., Indianapolis, Ind.) for a final dilution of 1:10,000, the medium was centrifuged at 400 x g for 30 min, and the supernatant was dialyzed against distilled water for 48 h at 4°C and then lOx concentrated by pervaporation. After centrifugation at 400 x g for 10 min the amount of protein in the filtrate was determined (5), and the filtrate was divided into portions and stored at -20°C. Because of the much better reactivity found for the Casals medium filtrate, only this was used in the immunoenzymatic tests. Protein concentration in the different filtrate batches varied from 4.5 to 6.0 mg/ml.
The E2 antigen used in the tests was prepared by affinity fractionation of culture filtrates with anti-E2 rabbit globulins polymerized as described by Avrameas and Ternynck (1). Initially, an anti-E2 immunoserum kindly furnished by L. Yarzabal (CEPIALET, Caracas, Venezuela) was used, but later it was prepared in our laboratory. For this purpose the E2 fraction was identified and removed from about 60 immunoelectrophoresis preparations of culture filtrates against rabbit anti-P. brasiliensis immunoserum. The corresponding area in the agar was cut from slides previously kept in saline solution for 48 h, emulsified with complete Freund adjuvant, and used to immunize rabbits. Each animal was injected intradermally with a total of 2 ml of the mixture once a week for periods of 7 weeks and bled when a titer of at least 1:32 against culture filtrates was found by the agargel diffusion test. An identity precipitation line was observed between the anti-E2 antiserum prepared by Yarzabal and the immunoserum obtained in this laboratory (Fig. 1 ). Globulins were fractionated from the serum by adding an equal volume of 1.56 M ammonium sulfate (pH 6.5). For polymerization, 0.3 ml of a 2.5% glutaraldehyde solution in distilled water was added to 30 mg of globulins in 1 ml of 0.2 M acetate buffer (pH 5.0), and the mixture was kept for 3 h at room temperature. After being washed in phosphate-buffered saline (PBS; 0.15 M NaCl, 0.01 M phosphates, pH 7.2), the precipitate was kept in this solution with 0.01% sodium azide.
To prepare the E2 antigen, this immunosorbent precipitate was added to 0.5 ml of culture filtrate which contained about 30 mg of proteins. After 1 h at room temperature the suspension was centrifuged, washed three times with saline solution, and suspended in 1.0 ml of 0.1 M glycine-HCl buffer (pH 2.8) for 5 min at room temperature. After centrifugation, the supernatant was neutralized with 0.05 M NaOH, dialyzed for 18 h at 4°C against PBS, and stored at -20°C. The protein concentration of different batches varied from 500 to 640 pLg/ml.
Antigens from H. capsulatum. Culture filtrates of mycelialphase H. capsulatum were prepared from different strains (387 and 391) kept at IMTSP. The fungus was grown at room temperature for 6 months in Smith medium (12) . The same procedure was followed as that described for P. brasiliensis culture filtrates.
Yeast-phase cell suspensions of H. capsulatum were obtained by growing the fungus in brain-heart infusion medium with 0.1% cysteine (7) Immunoenzymatic tests. Tests were carried out in flexible plastic polyvinyl plates with U-shaped wells (Plasticos Ampla, Sao Paulo, Brazil). For sensitizing, plates were incubated for 3 h at 37°C and for 18 h at 4°C with antigen dilutions in 0.06 M carbonate buffer (pH 9.6), washed with PBS with 0.05% Tween 20 (PBS-T), and stored at 4°C for use.
For the tests, sensitized plates were incubated for 1 h at 37°C successively with doubling serum dilutions in PBS-T and with conjugate diluted in PBS-T according to titer. After each incubation, plates were washed three times for 5 min each in PBS-T. Substrate with 0.005% hydrogen peroxide and 0.08% 5-aminosalicylic acid was then added to each well, the plates were incubated for 1 h at room temperature, and the reaction was stopped with 1 Fig. 2 , culture filtrate dilutions with 10 pLg/ml were chosen as antigen for the test. For the E2 fraction, best results were obtained with the 20-,ug/ml dilution (Fig. 3) . Maximal reactivities were obtained with the anti-immunoglobulin G conjugate diluted at 1:6,000 for tests with culture filtrate and at 1:2,000 for tests with E2 antigen.
As a cutoff point between negative and positive results, an With the E2 fraction antigen, results were very similar, with titers only somewhat lower for paracoccidioidomycosis sera, but positive results were also observed for a few cases of histoplasmosis. When the cutoff point was raised to an OD of 0.100, however, only one histoplasmosis serum was positive and no decrease in sensitivity occurred since all paracoccidioidomycosis sera were still positive.
Immunoenzymatic tests with culture filtrate antigen were then performed after treating sera with different H. capsulatum sorbents. Cross-reactions could be removed in different degrees according to the sorbent used. Only the suspension of 6 x 105 cells per ml in H. capsulatum culture filtrate with 50 p.g of protein per ml could completely remove any crossreactivity. In this way, with a 0.050 OD cutoff, titers lower than 1:40 were seen for all 206 sera of non-paracoccidioidomycosis cases studied, including normal sera and sera from patients with other diseases (mycotic and nonmnycotic). A few examples are shown in Table 2 .
No significant titer differences were observed after sorbing sera of the 69 cases of paracoccidioidomycosis; titers were within one dilution for all sera but one, which differed by two dilutions (Table 3) .
In the CF test, 67 paracoccidioidomycosis sera were reactive, with titers from 1:8 to 1:2,048, and two were nonreactive (titer < 1:8) (Table 4) . Negative results were seen for all normal sera and sera from cases of nonmycotic diseases for which a conclusive result could be obtained. Inconclusive results were caused by anticomplementarity of several sera. Positive results were seen in 9 of 43 cases of mycotic diseases other than paracoccidioidomycosis, with titers ranging from 1:8 to 1:64. These included cases of After incubation overnight at 4°C and for 1 h at 37°C, this serum was centrifuged and the supernatant was tested. When comparing ABS-ELISA titers obtained by the endpoint titration or expressed as the OD of a 1:100 serum dilution, we observed a close relation (Fig. 4) .
DISCUSSION
Among filtrates of P. brasiliensis cultures in different liquid media, those obtained in Casals modified medium showed the highest reactivity with paracoccidioidomycosis sera in the ELISA. Although no false-positive results were seen with normal sera and with sera from patients with different nonmycotic diseases, cross-reactions were frequent with sera from patients with other mycoses, such as histoplasmosis, lobomycosis, cryptococcosis, and candidiasis.
In a search for a better specificity in the ELISA we tried Yarzabal E2 fraction as antigen. After producing a monospecific antiserum which reacted exclusively with this component in immunodiffusion and immunoelectrophoresis tests, This ABS-ELISA showed a high sensitivity, since it was positive with all 69 sera from cases of paracoccidioidomycosis studied here, with titers between 80 and 5,120 (geometric mean titer, 140). The test was also very specific, with negative results for all non-paracoccidioidomycosis sera studied, including those from patients with other mycoses.
Comparatively, the CF test with P. brasiliensis culture filtrates was positive for 67 of the 69 paracoccidioidomycosis sera, with titers ranging from 8 to 2,048 (geometric mean titer, 20).
A simple quantitative ABS-ELISA could be standardized for routine purposes by assaying sera diluted at 1:100 in the sorbent, as described above. The close relation observed between the OD values and the endpoint titers suggests that this simple quantitative technique is satisfactory for diagnosis of paracoccidioidomycosis and treatment follow-up. 
